The Dilemma of the Open Gingival Embrasure Between Maxillary Central Incisors
Introduction
The open gingival embrasure, also called the "black triangle," is a visible triangular space caused by the lack of interdental gingival papilla filling this area. The central incisors are the most dominant anterior teeth in the maxillary arch because they can be fully visible 1 in patients with a broad smile. In such patients the open gingival embrasure between the maxillary central incisors interferes with the esthetics of their smile. An embrasure is considered to be open whenever it is located in the cervical position below the approximal contact point and not completely filled in by gingiva. 2 A diastema differs from a black triangle in that it is a complete space between two teeth without any approximal contact. On the other hand, in the black triangle scenario there is contact between the incisors with space in the cervical region. Diastemas may result from agenesy or malformation of lateral incisors, hypertrophic labial frenum, bone/dental discrepancy, habits, or by a relapse following orthodontic treatment. Black triangles can result from a variety of circumstances such as: The mean prevalence of black triangles in adolescent patients after the correction of malposed incisors was reported to be 41.9% 3 and 38% in adult orthodontic post-treatment patients. 2 Adult patients are usually more demanding in terms of esthetics, periodontal alterations, and expectations of less treatment time. Black spaces affect the esthetics of the smile and may affect periodontal health due to chronic retention of food debris and subsequent gingival inflammation and abnormal gingival morphology. Therefore, a correct diagnosis and treatment plan are relevant to prevent, minimize, and correct the problem. 2, 3, 6 Due to the high incidence of open gingival embrasure, Burke et al. 3 suggest this problem needs to be discussed with the patient before undergoing orthodontic treatment.
Triangular-shaped incisor crowns usually overlap before treatment. Once the teeth are straightened black triangles formerly masked by the crooked teeth may become apparent. The care provider should be able to detect and discuss this possibility with the patient before treatment. 7 Arch length can be influenced by how much teeth are tipped. Therefore, its possible to increase the arch length by changing crown angulation. 8, 9 However, the position of roots must also be considered because tipping the central incisors mesially to close space and creating excessively divergent roots through the use of improper bracket placement can cause an open gingival embrasure.
The loss of the interdental papilla may cause esthetic deformities as well as problems related to speech and food impaction. 11, 12 The vertical distance from the bone base to the approximal contact is a determinant factor concerning the presence or absence of a papilla. Patients with advanced periodontitis are always at high risk for a black triangle. Special care must be taken with patients undergoing orthodontic treatment who have had non-surgical periodontal therapy for advanced periodontal disease in order to avoid the normal marked interdental recession that can result. 10 When the distance between the alveolar bone crest and the gingival papilla is less than 5 mm, the papilla fills in the interdental space in 100% of the cases; when the distance equals 6 mm, the papilla is present in 56% of the cases; and when it is greater than 7 mm, the papilla is present in 27% (or less) of the cases. 11, 12 If the black triangle is the result of triangular anatomy of the adjacent crowns, then treatment will involve re-contouring the approximal crown surfaces to enlarge the contact point and move it cervically to fill the space. Composite resin is commonly used as a restoration which is slightly inserted into the gingival sulcus to function as a dento-gingival architecture to guide the shape of the interdental papilla. Besides the development of the interdental papilla, "stops" can be made out of modeling resin to help open the gingival parabolic shape in a horizontal direction. 13 Worn crowns have a reduced and displaced contact area with higher width/length ratios than unworn crowns.
14 Thus, it is important to consider both morphology and proportionality in order to fulfill the orthodontic treatment objectives of an approximate 80% width/height ratio considered the ideal for maxillary central incisors.
14 Furthermore, the appropriate ratio for the connector between central incisors is 50% of tooth height; central and lateral incisor connector is 40% of the central incisor height; and lateral incisor and canine connector is at 30% of the central incisor height. Embrasures are smallest between central incisors and grow larger as they progress posteriorly in dentition. Figure 1 is an example of the wrong approach to close a midline diastema. The "black triangle" was formed as a result of the mesial inclination of maxillary central incisors to close the space without regard for maintaining root parallelism. Figure 2 shows the correct way to close a "black triangle" and achieve root parallelism when orthodontic brackets were positioned correctly, along with a 0.0175 coaxial arch wire at the initial stages of treatment. Closing loops associated with elastomeric chains were used. Ideal root parallelism was achieved and retention was provided by a wire bonded on the lingual surface of maxillary incisors.
12

Clinical Report
Discussion
Since the mean prevalence of cervical diastemas in post-treatment adult orthodontic patients is about 38%, according to Kokich et al., 5 precautions must be taken during the early stages of leveling and alignment, when treating severely malaligned maxillary central incisors in adults seeking orthodontic therapy. Burke et al. 3 reported a 41% prevalence of esthetic problems such as the black triangle between maxillary central incisors previously overlapped among 15% of patients who had undergone orthodontic treatment.
The prevalence of open gingival embrasures is greater in orthodontic patients over 20 years of age, and it is more likely to occur due to resorption of the alveolar crest rather than extrusion of the mandibular incisors. 6, 15 Open gingival embrasures were found in 43.7% of the subjects undergoing orthodontic treatment. No statistically significant differences between the subjects with slight, moderate, and severe mandibular incisor crowding was found in a group with open gingival embrasures. Similar percentages of subjects with open gingival embrasures were found in both treatment duration groups. 15 Orthodontic patients showed significantly more alveolar bone loss radiographically than did the untreated patients. The greatest alveolar bone loss was noted in the closed extraction spaces, particularly on the pressure side of the retracted canines. 16 Thus, the incidence of opening the gingival embrasure may be caused by alveolar bone loss secondary to orthodontic treatment.
A positive relationship between age and bone loss and a negative relationship between initial bone level and subsequent bone loss was revealed. No association was found between bone loss and length of treatment, post-treatment gingival appearance, amount of horizontal or vertical tooth movement, or treatment with maxillary osteotomy. These results show the risk appears to increase with age. However, previous attachment loss is not a risk factor which determines the length or type of treatment, nor does the amount of tooth movement influence additional attachment loss to any major extent. 17 Tarnow 11 conducted a study to determine whether the distance between the approximal contact point and the crest of bone had any influence on the presence or absence of the interproximal papilla in humans. When the distance was 5 mm or less, an interdental papilla was almost always present. When the distance was 7 mm or more, the papilla was usually missing, while at 6 mm (only 1 mm less) it was present 56% of the time with an unknown significant difference between these three measurements.
According to Sarver 12 approximal contact points are defined as the exact place where the teeth touch as they progress posteriorly. Contact between anterior teeth is when they actually touch and connector is where teeth appear to touch. The appropriate ratio for connector between central incisors is 50% of the tooth height. On the other hand, the contact point between the central incisors is closer to the incisal third rather than in the center of the clinical crown in most cases. This feature, inherent to the central incisors, might explain their greater propensity for the occurrence of black triangles. 18 Threshold levels vary among orthodontists, general dentists, and lay people in terms of when an open gingival embrasure is noticeably less attractive in an ideal smile. 5 For the orthodontist, the acceptable length of the open gingival embrasure was 2 mm while the general dentist and lay people were unable to detect an open gingival embrasure unless it was at least 3 mm. This variation in the acceptable levels of an open embrasure may aid the dental professional in making specific treatment recommendations.
Orthodontic correction is indicated whenever the roots are divergent and the crowns converge toward one another. Treatment should be designed to create parallelism of the roots and a favorable position of the approximal contact point of the crowns. In cases where incisors are malposed or overlapped they should be uprighted and moved mesially to correct the inclination of the roots. The mesial cementoenamel junctions of each incisor will then be closer causing the stretched transeptal fibers to relax. The same soft tissue will fill in the gingival embrasure, which will then be narrower. 3 Kokich 19 proposed the recontouring of the mesial surface of the central incisor that is triangular shaped with both roots aligned and parallel. As the diastema is closed, the approximal contact moves gingivally while the papilla moves incisally resulting in the elimination of the open gingival embrasure. In some cases restoration of the incisal edge is required after orthodontic treatment.
If the loss of papillary height is due to soft tissue damage by a oral hygiene device then interproximal hygiene procedures must be discontinued to allow for tissue recovery then modified to eliminate or minimize continued trauma to the papillae. 20 Meguro 21 suggested the use of laser irradiation to prevent or minimize the occurrence of post-orthodontic treatment black triangles, since it reduces the levels of E2 prostaglandine (E2PG) and plasmine activator which are responsible for inflammation of the gingival tissue during orthodontic treatment.
Papillary reconstruction may also be employed to solve the problem of a black triangle. However, the outcome is unpredictable and involves a risk of cicatricial contraction and necrosis of the conjunctive grafted tissue. The evolution of surgical techniques may eventually lead to an increase in clinical success with positive clinical results. 22 Using orthodontic extrusion, the migration of the gingival tissue incisally may restore the interdental papilla and bring harmony in a black triangle patient's smile. 22 However, in cases of triangular roots extrusion may exacerbate the black triangle. In this case enamel stripping at the mesial and recontouring at the distal might be indicated to improve esthetics and achieve stable results. A removable prosthesis may also be employed in the region of the gingival embrasure spaces of markedly compromised dentitions, whenever psychological implications of having such profound gingival retractions are serious. 10 Reconstruction of the maxillary midline papilla following a combined orthodontic-periodontic treatment at the end of orthodontic treatment in adult periodontal patients is predictable in patients with either thin or wide gingival. 24 However, Nemcovsky 25 states both clinical and histological longitudinal studies are required to establish predictability and stability of the reconstruction. Moreover, in order for a papillary reconstruction to be performed successfully the tissue should not have a loss of insertion at the periodontal junction. This condition would favor development of a periodontal pocket in that region. Carnio 22 showed complete papilla reconstruction in a 20-year-old woman using an interposed subepithelial connective tissue graft to treat the loss of interdental papillae and achieving long-term success and stability.
It has been suggested the variation in morphology of the human periodontium may be related to the shape and form of the teeth. This observation tends to confirm the hypothesis that subjects with long and narrow teeth have a comparatively thin periodontium and may be more susceptible to gingival recession than subjects who belong to a "biotype" with large maxillary central incisors and a thick periodontium. 26 A thin gingiva may serve as a locus minorus resistenciae for developing soft tissue defects in the presence of plaque-induced inflammation or as a result of tooth brushing trauma. 20 Therefore, triangular shaped incisors are more susceptible to an open gingival embrasure once their vertical distance from the approximal contact point to the alveolar crest is increased for two reasons:
1. They have a small and occlusally located contact point. 2. The soft tissue is more likely to be damaged once it becomes inflamed.
Moreover, Becker et al., 27 in a study using dry skulls, observed no significant differences when tooth shapes were compared with bone anatomy. Turverson 9 also reported triangular teeth present contact points rather than contact areas which makes them more instable and more susceptible to crowding. Thus, preventive care is required during orthodontic tooth movement in patients with a thin gingival and triangular maxillary central incisor biotype.
Orthodontic extrusion is another alternative solution for the papilla loss problem in patients with triangular roots where the black triangle may be exacerbated. A removable prosthesis may also be applied in the gingival embrasure space areas in order to mask the black triangle.
The morphology of the coronal portion of central incisors presenting with a divergence of their mesial surfaces can be corrected by reduction of interdental enamel by stripping or by adding bonded composite material. The selective reduction of the mesio-distal enamel in patients that maintain good oral hygiene increases the contact areas providing more stability to the treatment. 9 Nevertheless, the use of composites must be carefully assessed so as to prevent undue thickness that may cause plaque retention, compression of the papilla, and inflammation, leading to subsequent esthetic problems. 3 All etiological factors and treatment alternatives associated with an open gingival embrasure must be discussed with the patient before embarking on orthodontic treatment. A multidisciplinary approach must be considered mandatory if a successful clinical outcome is to be achieved.
In the past decade there has been a remarkable upswing in interdisciplinary collaboration between dentists, orthodontists, and periodontists in terms of smile enhancement. Currently, an entire field of "cosmetic periodontics" has evolved in collaboration with cosmetic restorative dentistry. Through the interaction between different clinical disciplines and through the knowledge gained, the definition of a desirable smile has been refined and included in the finishing stage of anterior esthetics for our patients 12 while retaining the consideration and respect for individual variations.
Conclusion
Several methods of managing patients with open gingival embrasure exist, but the interdisciplinary aspects of treating must be emphasized to provide the best possible result. Orthodontists can play a significant role in helping to manage these cases.
Clinical Significance
Various treatment strategies are available to treat cases of an undesirable black triangle and are dependent on the etiology of the condition.
